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Abstract 
The purpose of this study was to develop a measurement setup to identify bending and torsional properties of ice hockey sticks 
with similar stiffness and length from various manufacturers during static bending and torsion tests on a test stand. The test 
stand is composed of a clamp system, a spindle lifting gear with a load cell and three distance sensors. For the bending test the 
ice hockey sticks were clamped to the test stand and a three point load test simulated real conditions. To bend the stick 
identically to an actual wrist shot the supports were positioned in order that the distance of the supports conforms to the 
distance between the hands of an ice hockey player during a wrist shot. Three different loads of 150, 200 and 250N were 
applied on ten test positions along the hockey sticks’ shaft and blade. For the torsion test the hockey sticks were also clamped to 
the test stand, but the second support was removed. A special rotatable frame was mounted on five different positions along the 
shaft down to the blade where torque was applied (29, 43.5 and 58Nm). The bending test showed that the differences increase 
with increasing distance to clamping position and higher loads. At each position the deviation of stick B is higher compared to 
the deviation of stick A, despite similar FLEX values. The results for the torsion tests show that the torsion of stick A is higher 
compared to the torsion of stick B. This trend could be observed at each position and torque. With the same torque applied at 
the same position the torsion angle of stick A is twice as high compared to stick B. Based on the findings of this research 
further studies of how the different bending and torsional properties affect the accuracy and speed of actual wrist shots will be 
performed in the near future. 
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1. Introduction 
In the last decades ice hockey stick design has gone through a number of changes. In the very beginning ice 
hockey was played with wooden sticks. In the 1970s the sticks' wooden core was enveloped with fiber glass to 
reduce weight and the use of wood (Pearsall, Turcotte & Murphy, 2000). At the end of the following 20 years the 
first non-wooden sticks made of aluminum were introduced and were the impetus to use modern materials for 
hockey sticks (Hannon et al., 2011). Nowadays materials commonly used for hockey sticks are composites like 
carbon fibers or fiberglass in various combinations (Pearsall, Turcotte & Murphy, 2000). All these modern 
materials have one key property which makes them so interesting for hockey stick manufacturers: the combination 
of a very low-weight material with the ability to store and return a large amount of energy.  
 A few studies quantitatively investigated the bending properties of the sticks while shooting. The stick 
movement and stick bending profile were recorded with motion capture systems, high-speed cameras or via a 
strain gauge measurement setup. 
Villasenor, Pearsell and Turcotte (2006) investigated the recoil-effect of the hockey stick during a slap shot with 
a high-speed video capture system (1000Hz). The results showed that the puck velocity was influenced mainly by 
blade-puck contact time and stick bending energy.  
Wu et al. (2003) examined the interaction of players’ skill level, body strength and various hockey sticks on the 
performance of the executed shots. The shots were recorded with a high-speed video capture system (480Hz) and a 
force plate. The difference between the hockey sticks, according to this study, lies in their construction and 
stiffness. It was shown that there is more stick bending during slap shots than during wrist shots and that puck 
velocity is influenced by the skill level and physical strength of the subject and not by the stick type. Furthermore 
skilled hockey players were found to generate greater vertical force and stick bending by adjusting their hand 
position.  
Magee et al. (2008) developed a portable strain gauge measurement setup to evaluate stick deformation 
characteristics during wrist and slap shots under dynamic conditions. This setup provided heterogeneous bending 
and torsional strain magnitudes and the results showed that a strain gauge measurement system is a feasible setup 
to investigate material behavior response. 
Hannon et al. (2011) used a similar setup to quantify the dynamic strain profile (DSP) of ice hockey sticks. Five 
paired strain gauges were attached to the hockey sticks’ shaft and delivered results that showed a difference of the 
DSP within different stick stiffness properties.  
Composite materials also influenced the way ice hockey is being played. The energy stored and returned from 
the hockey stick influences the puck speed and therefore it is important to know how the energy return is 
influenced by the stick design. Hockey players choose their sticks according to a FLEX value given by the 
manufacturers and although each manufacturer has their own FLEX rating system, values are comparable between 
manufacturers. The FLEX rate roughly represents the amount of force needed to bend a stick to a given deflection 
of one inch during a three-point bending test (Russel & Hunt, 2009). Hence sticks from various manufacturers can 
differ within their FLEX values, but are still supposed to be comparable to each other. However, it is yet unknown 
whether ice hockey sticks from different manufacturers with similar FLEX values really have the same stiffness or 
bending and torsional properties. 
The purpose of this study was to develop a measurement setup to identify bending and torsional properties of 
hockey sticks with similar stiffness and length from two manufacturers during a static bending test in order to 
answer the following research questions:  
x Do ice hockey sticks with similar FLEX values from different manufacturers show the same bending 
properties?  
x Do ice hockey sticks with similar FLEX values from different manufacturers have the same torsional 
properties?  
x Are bending and torsional properties of ice hockey sticks directly proportional hence has a stiffer stick a 
higher torsional stiffness and vice versa?  
It was hypothesized that (H1) ice-hockey sticks from different manufacturers with similar FLEX values show 
similar bending properties in three point bending tests, (H2) have similar torsional properties and (H3) bending and 
334   Lasse Behrmann et al. /  Procedia Engineering  72 ( 2014 )  332 – 337 
 
torsional stiffness are directly proportional (hence, sticks with higher bending stiffness show higher torsional 
stiffness).   
2. Methods 
In this study two different hockey sticks from two different manufacturers with similar stiffness (stick A with 90 
FLEX according to manufacturer A and stick B with 87 FLEX according to manufacturer B) and same length 
(160cm) were tested.  
All static bending tests were executed on a static test stand which is composed of a clamp and support system, a 
spindle lifting gear with a load cell and three distance sensors. The spindle lifting gear with the load cell (RSCA 
C1, 500kg, Hottinger Baldwin Messtechnik GmbH, GER) is used to apply a defined load on the tested object. A 
laser distance sensor (LDS 85/705, ELTROTEC Sensor GmbH, GER) with an accuracy of  ± 0.5mm and two cable 
sensors (WS Positionssensor, ASM GmbH, GER) were attached to a sledge in the lower part of the test stand in 
order to measure the position and deflection.  
For the bending test the ice hockey sticks were clamped to the test stand at one point and supported at a second 
to simulate a three point load test under real conditions. To bend the stick identically to an actual wrist shot the 
supports were positioned in order that the distance of the supports conforms to the distance between the hands of 
an ice hockey player during a wrist shot (Worobets, Fairbairn, & Stefanyshyn, 2006).  
Three different loads of 150, 200 and 250N were applied on ten different test positions along the hockey stick’s 
shaft and blade in equally spaced distances of 0.05m starting at 0.64m from the lower support. For each position 
and load deflection values at the center longitudinal axis of the shaft were measured three times with the laser 
distance sensor (Fig. 1 (a)). 
For the torsion test the measurement setup was adjusted to measure the torsional properties of the ice hockey 
sticks. For this test the hockey sticks were also clamped to the test stand, but the second support was removed. To 
twist the hockey stick its top end was fixated and a special rotatable frame was mounted on five different positions 
(in equally spaced distances of 0.05m starting at 1.28m from the support) along the shaft down to the blade where 
torque was applied (29, 43.5 and 58Nm) (Fig. 1 (b)). 
 
 
Fig. 1: Bending and torque test setup. Sketch of the ice hockey stick clamped in the test stand with torque/ force exemplarily applied (a) 
bending stiffness test and (b) torsion stiffness test; A: upper fixation (estimated upper hand position), B: lower support (estimated lower hand 
position), a: distance between fixation A and support B (0.49m), b1: distance between support B to first force application position (0.64m), b2 : 
distance between imaginary support B to first torque application position (0.79m), c: equally spaced distances between force/ torque application 
points (0.05m), F1 . . . F10: positions of the force application and M1 . . . M5: positions of the torque application points. 
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To evaluate the torsion of the hockey sticks’ shaft three deflection values per torque and on each position were 
recorded at a distance of 10mm (Fig. 2 (a)); one line in the center of the shaft (0mm) and one on each side  
(+10mm and –10mm) and the resulting torsion angle was calculated (Fig. 2 (b)). 
 
 
Fig. 2: (a) Profile of the stick (solid: unloaded, dashed: with torque applied), deflection measurements with the laser distance sensor were taken 
at A (left), B (center) and C (right), (b) WKHDQJOHĭZDVFDOFXODWHGIURPWKHNQRZQGLVWDQFHVRIWKHODVHUPHDVXUHPHQWVDWSRVLWLRQV$DQG&
(i.e. 20mm) and the differences in deflection at these points (ad and cd). 
3. Results 
The measurement of bending and torsional properties of different ice hockey sticks using the measurement 
setup described was possible and showed consistent and reliable results throughout all measurements.  
The results for the bending test show that the deflection of stick B is higher for every load on each position 
compared to the particular deflection of stick A. E.g.: At position F10 and a force of 150N applied, stick A deflects 
133.67 ± 5.69mm, whereas stick B shows a deflection of 150.17 ± 2.85mm. With a force of 200N applied at the 
same position, stick A bends 180 ± 2.65mm, stick B 207.98 ± 1.77mm. The highest bending force of 250N applied 
at position F10 as well increases those values to a deflection of 236.13 ± 3.83mm for stick A and 270 ± 4.55mm for 
stick B (Tab. 1). Hence the higher the force applied at one position, the higher is the difference between the two 
sticks. Furthermore the difference between the sticks increases with increasing distance to the clamping position. 
All results for the bending test are displayed in Fig. 3. 
To assess the torsion of the sticks the torsion angle was calculated based on the different deflections of the left 
and right side of the shaft in relation to the center of the shaft (Fig. 2 (b)). It was not possible to apply a torque of 
58 Nm at position M1 and M2, because the carbon shaft would have been destroyed, hence torsion could not be 
measured at those positions. Overall the results for the torsion tests show that the torsion angle of stick A is higher 
compared to the torsion of stick B. This trend could be observed at each position and torque.  
E.g.: At position M5, with the same torque applied, the torsion angle of stick A is twice as high compared to 
stick B. With 58Nm applied the torsion angle of stick A is about 12.38 ± 1.06°, whereas the torsion angle of stick 
B under same conditions is only 6.62 ± 0.46° (Tab. 2). Hence stick A provides higher degree of stiffness against 
bending, but not against torsion. Fig. 4 shows all results of the torsion test of both sticks. 
 
Force Max. deflection, F10 stick A [mm] 
Max. deflection, F10 
stick B [mm] 
150N 133.67 ± 5.69 150.17 ± 2.85 
200N 180 ± 2.65 207.98 ± 1.77 
250N 236.13 ± 3.83 270 ± 4.55 
Tab. 1: Maximum deviation for both sticks occurred at position F10 
for all three loads. 
Torque 
Max. angular 
deviation, M5 stick A 
[deg] 
Max. angular 
deviation, M5 stick B 
[deg] 
29Nm 5.99 ± 0.45 3.32 ± 0.8 
43,5Nm 9.45 ± 1.35 4.63 ± 0.57 
58Nm 12.38 ± 1.06 6.62 ± 0.46 
Tab. 2: Maximum angular deviation occurred at position M5 for all 
three torques. 




Fig. 3: Deflection for stick A (solid) and stick B (dashed) ± standard deviation in [mm] for all positions of force application (F1 . . . F10) and all 
forces (light grey: 150N, medium grey: 200N, black: 250N). 
 
Fig. 4: Angular deflection for stick A (solid) and stick B (dashed) ± standard deviation in [deg] for all positions of torque application (M1 . . . 
M5) and all torques (light grey: 29Nm, medium grey: 43.5Nm, black: 58Nm). Note: for M1 and M2 at a torque of 58Nm no data was recorded 
because the carbon shaft would have been destroyed. 
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4. Discussion 
The aim of this study was to develop an accurate measurement setup for a static test of bending and torsional 
properties of ice hockey sticks for being able to answer the research questions posed. The results of the bending 
tests indicate that hypothesis H1 (ice-hockey sticks from different manufacturers with similar FLEX values show 
similar bending properties in three point bending tests) has to be falsified as the two tested ice hockey sticks with 
similar FLEX values do not show similar bending patterns during the three load point test. The deflection of stick 
B is consistently higher than of stick A with a maximum of 13% difference between the two tested sticks.  
Hypothesis H2 (ice-hockey sticks from different manufacturers with similar FLEX values have similar torsional 
properties) has to be falsified as well. The results of the torsion tests show significant differences between the two 
tested sticks. It is even higher than the difference of the deflection of the two sticks recorded during the bending 
tests. The results revealed a maximum torsion angle of stick A being twice as high as the maximum torsion angle 
of stick B at position M5. 
The most interesting result was obtained for the relation of the sticks' bending and torsional stiffness. Whereas it 
was expected that these two parameters are directly correlated ((H3) bending and torsional stiffness are directly 
proportional (hence, sticks with higher bending stiffness show higher torsional stiffness)) results showed that for 
the two sticks tested an indirect correlation could be observed. Hence H3 has to be falsified as the results of stick A 
show a higher bending stiffness, but lower torsional stiffness. In summary it can be said that the performed static 
load tests allow for statements about bending and torsional properties and especially comparison of different ice 
hockey sticks. Based on the findings of this research further studies of how the different bending and torsional 
properties affect the accuracy and speed of actual wrist shots will be performed in the near future. 
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